I -INTRODUCTION
The problem of predicting power losses in the numerous turns of high current coils and the current distribution in circular billets of arbitrary cross-sections becomes increasingly interesting as the number of industrial plants using the induction heating syste,,~ grows.
As is well known,high frequency alternating currents are not uniformly distributed along the conductors, but tend to be concentrated near the conductor edges. Consequently, the interior power loss of the conductors rises above the dc value.
In magnetohydrodynamics for example, in order to obtain shaping or regulation of the rate of flow of a liquid metal, a high frequency magnetic field is needed (10 to 500 Khz). With the increasing frequency, ac-dc resistance ratios quickly become prohibitive (20 and more). For this reason,further research would be desirable in order to develop an optimized coil design. Creating a higher intensity of the magnetic field could be obtained by the addition of a magnetic circuit to the system. Firstly, the electric streamlines distribution in the copper conductor has to be calculated.
Previous works /I/ have discussed methods of calculating distribution in circular geometries. BIRTNGER et al,/2/ in an earlier paper have also improved a numerical method of solving such a problem in the case of straight conductors. Unfortunately, these methods become inapplicable when the electromagnetic penetration depth is much smaller than the typical dimension of the conductor.
On the other hand, quite recent works describe new techniques for analyzing linear skin effect phenomena in multi-conductor systems by a finite elements method / 3 , 4 / . These methods are hamperedbythefact that the typical dimension of the elements must be of similar magnitude as the electromagnetic skin depth. This paper presents a numerical procedure to calculate the current distribution for an axi-symmetric coil of any cross-section and for high frequencies. A particular case will be discussed in details : the current distribution in a single turn coil of rectangular cross-section. The numerical results will be compared to those obtained with a finite elements method (FLUX 2D -Laboratoire dlElectrotechnique de Grenoble).
-HYPOTHESIS -EQUATIONS
In the following analysis, it is assumed that the conductors are of non-magnetic material and that the temperature is held constant. The return leads should be far enough removed from the conductors of the studied coil so that proximity effects may be neglected. For the sake of convenience, the electric current will be considered to be sinusoidal. Since the studied systems are linear, non-sinusoidal problems may be solved by superposition. In the co-axial system presently studied, the electrical density and vector potential only have an azimuthal component.loreover, it is convenient to express equation (2) in a curvilinear frame /5/ with the boundaries C1, C2 ... taken as geodesic lines (see figure 1) : Let x and y be a system of local coordinates respectively tangential and perpendicular to the boundaries C1, C2, ... (2) is written : Av is the voltage drop along the turn which contains the point (x, y ) . The function F can be expressed in terms of LEGENDRE elliptical integrals 11 and I2 of the first and second kind, respectively.
-SOLUTION TO THE GENERAL EQUATION
The electromagnetic skin depth, $ , is supposed small enough to set the local density J (x, y ) with the form : In the case where the coil is composed of a set of several (say Nt) turns, all the subsections of the same turn will be interrelated, this given the fact that total current of all these elements must be equal to the total conductor current. 
